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(54) INTERPOLATION DIGITAL/ANALOG CONVERTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To effectively reduce the 
manufacturing cost of a source driver of a TFT-LCD(Thin Film 
Transistor - Liquid Crystal Display) and its occupied area 
through the interpolation technology. 
SOLUTION: This invention provides the interpolation 
digital/analog converter applied to a source driver of the TFT-- 
LCD that is provided with decoding switches 81, 82 that receive 
reference voltages and select two reference voltages (VI , V2) 
among the reference voltages on the basis of high~order bits of 
a digital image signal, a routing switch 83 that is connected to 
the decoding switches 81, 82 and selects 1st and 2nd reference 
voltages VI', V2' on the basis of two low-order bits of the digital 
image signal, and an interpolation buffer 84 that is connected to 
the routing switch 83 and generates an interpolation analog 
signal VOUT on the basis of the 1 st and 2nd reference voltages. 
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(54) CSseiro^^ic] rtifSCD-ASglitgg 



(57) mm^ 

mm] t*jffiWcJ;oTTFT-LCD«V-XF 

Sit. TV^}m»m^(DWML<DM^y hicm-ji^^xm 

tSctD»2p«E*^B-o©a*«EE (VI. V 2) ^MU 

zmmmmcm-^h^-cmmTi-vim^y o u i^^^g 




1 

Cl»««l] T F T-LCD£DV-XF5'l'A}c:^t^ 

^« ^ T ^ ^ rtJf S D - A ^mHo 
[|f*]I2] TFT-LCDcDy-XF5'l'/';iCfflt/> 

immm(DU\^ <y f ta-ift/^r. m i t^js^ 4»*« 
WE;i/-^ y^T.'^y i^icmm-s n> wsb^ i n^m 4 

/^y 7T^;, 

^«^T^^I^SSD-A^» 
[ft 3 ] i/Xr i^ P -y ^ tc:a-:3i^r HulBxi^'^ 
;VH#ft^«Stt^?ii(«r-^? P5/"X^ , 
tftfBJ/Xr A^D -y ^}cS^'i^riiii^li:WfB«ic<^x- 
^ Uv''x^^'i'*->^;L'-r § c: i^tc J; o TtufBr 

9 -y ^'{f^fca-ii!/ ^ rmmmW^O r- U>>'X 

t. 

imsm 4 ] tulBrtff ^y 7 r . 
©F^Vv'X^il. 

tuiBiii(« h'yy >>'x ©^n^'ncD f yicmm^ 

\m(DW.2XM^mm-^n^Yi^^yt. ^^t&y 

X ^ <75^n^n<7) v-xro-'MbB7 - Fv; -y ^ F 9 y 
i>"x^®y~x{c®M«n§^2^i;. -^Mt^mmM 



(2) !^W2 00 1-3 1 3 5 6 8 

2 

^BJtiA^-JltCBHtctOrtJf - A^» 
[If SR« 5 ] MIBrtff ^y 7 7 (i. 

miJb^m^ nmv'^y'JT.^t. 

wsB^i N^F^y^^x^^^cy-F^^Lrmis 
10 'mms.^m. 

wmm 2 N F 9 y '>'x ^ F L T ^ 2 a 

SuiB^ 1 nmv'yy'yT.^msmmmz nsi F^y^/'x 

F \^-(y{munMn^(Dm-xf}i^\tmwi-^n. 
msmznm F^yi^'x^®^- F(*Miam^f mi^otB 

mim 1 T^M^S F^yi^x^cov-xfi^n^'n 
tuiBll-w^iits^^ti. 

20 WE^ 1 PM F9y>^X;5J{i^oy- F^^>LTWtH^ 

mmm 2 piy F^yj^x^ti^oy- F;&/rLTMfH^ 
2a*«ffi*stt. ^(D F w yfituSHft^agso^H 

tuia^3 pmh^yp7.^(D^~himmMMmmoii^, 
fimic. ¥v-cyimmM.mm^<Dmmxf}i^ic^n^ 

mmm 1 nmm 3 ? m f 9 y j^'x ©y-x{i^n^"n 

mmmsomtifi-^-mic t b«« d - a ^mio 
m^m 6 ] wiBrt^s^M >y 7 7 ti, 

mmt. 

mWL®(Dh'yy-:^7.^t. 

7^— FV^^^yi? hvy-y'X^i:, *^5i9:t). 
*j3aaScffl<73 F^y$^X^{*^coy-F^^LT«^(D 

Miailicffla) F^y5>'X^?C> Fl^-fyfiSulBminrliliigcD 

40 mix±mcmmsn. 

WIB7^'- FV^y ^ F^y'y'X^(Dy- F{*tuBBft#liI 

momtimic. vu^yammnm^tDm^^xtimic 

mtmmmt. miWkm<D f ^ ys^x^©y-x 
ia7 f - F/ vy ^ F 9 y i>"x ^ y-x t {cmm* nx 

«®i^ffSD-A^m 
MS?] Miartffs:^^-y7 7tt. 

lEAtfSfcfei^Tiiia^TO^sit. mA^^j^^tatt 

50 ^lcgM^nTi/>5®10tti:d7y7°^:. 



(3) 

3 

T F T - L C DtDV-X F9'</^-CfeoT. 

S/T^-r A ^ P >y ^ tca-iJi/^Tr S>'^;Hi#li#*Stt§ 

WMz^^-fJlyt^ d i:tc J;or*f(sH'rS>'^;Hi« 10 

X. m2m^m-^(Dm^ns.m^^is.'^^7y-^yft. 
m^^mtiir^TsT-^yft. 30 

^Wr^T F T-LCD<Dy-XF^-^'/*?cDfflra7:^P 
[0 0 0 1] 

7:^P^' (D-A) S^gg^iyy^yl/^-yytcftaffcL 

^m^nWn^ (TFT- LCD) ©V-X Fv-f/^fCJS 

ffl«n§rtJfSD-AS^tc«^P§o 
[0 0 0 2] 40 
[ea5®g#] TFT-LCD(Dy-XF9-l'/^«B» 

M#*^i«t-Sili:tj;-pT. LCD©B^7U'l'*|g 

[0 0 0 3] HUc, ee*cDTFT-LCDOV-XF 
[0 0 0 4] T F T-L CDy-XFv-f/U Oii^ 3 

8 4{i©tH^f-i'y*;n 0 i^WL^ *n^n©9^-¥ 

y^;Wc8 e>y h©iP#a^Wt-So FPJ»^S^^X 
1 0 8a27?[Rlcr>5/7 M-'^:^>"X^-e&t). D I 0 LX 
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4 

fcx-^L'v'"x^? 1 0 4^-f^-y;i^-r§o 

[0 0 0 5] $/X'rAi'P>yi'S C LKM^i 0 9*^5: 
■i5±*^S^t. r-^Ji, 4 8ti'-y F©A:'3/^XD I N 
[1-48] ^M* b 3 8 4 fficDr-^ l^'>" 

X^ 1 0 4ti:32l6n> efflWr-^Pi^X^ 1 0 4*^?=E 

«$n^o -r-^TWr-^Pi^^X^ 1 0 4lcr-^?7b'53ft 

«?n/cm. "y-j^y^'hk i\m \ o 7 ii^iL%±if^ 

T—^WJT.^ 1 0 4t-^IS#Sn5r-^^^ 
r-^9'y^l 0 5fc3iM*tlSo r-^v>y^l 0 5 

(Dli^tsif^ 8 4fBcD8H'<y FD-A^^i|l 0 2tC<ko 
T7:^P^^«ffiM^5c^^^n. B«7L--r 1 0 6^|g 

[0 0 0 6] i:£0J;-7tc, |;£*©TFT-LCD(7)y- 
XF^-Y/^1 0{iA««D~ASM§l QZ^'JimhL 
X\<^fz(DX\ D-A^^l 0 2;?)^y-XF^'f/^l 0 

[0 0 0 7] mz^cwknvt- hwmi 0 2©pfm 

[0 0 0 8] CCDD-A^^l 0 2{i, W^nS.^^ 

7 1 0 3 i;. ^-a-tJo 

[0 0 0 9] »WE^figf§2 Hi. Bi3(Cf^-rJ;9 

2 5 5^H<D^KR 0-R 2 5 4«:^^*. 2 5 6^i<^) 
STOffiRV l-RV 2 5 6?:4fi)c-rSc 2 5 SfgCDfi 

jaR 0 - R 2 5 4 (Drnm^i^xm-x^^ t^m^^^ 

i/\ -Mt. gKfilfi:^:^vffllEFvVX7T;^7-7}<: 

;VaMJ±R V 1 - R V 2 5 6 ti. -ISfc. 2 5 6*0 

7m^mm:f( t r r a - rV y ^'X >y 2 2 ep bi 

[0 0 10] rn-T-W^X-f >y^2 2a. 13 4 [c^ 
•r.t'St^ 2 5 6{i(DX'l''y^?ij3 l*«LT:|oD> ^ 

n^n©x-r -y 3 1 8«cd5^u t;v f^vj^x^ 

3 2*WLTI.^So 2 5 6iSOX-l'>yf-?iJ3 1 cDtfi©- 
?iJ{iji{i'nfcaWffifi%tti±i^^y7r 1 0 Slcai:^!^- 

So 

[0 0 11] fie*otii:^>'^'y'7r 1 0 3 cDliIgS«fig(D- 

5 Ic^-To 
[0 0 12] 

[%BJ*^^i^LJ;^ t-r^^H] WM®Wcj;f), 

*coy-XF^-f^U OO^S^HSti^ rn— r-fV 
^7.4 >y 9=- 2 2 0 . d5*ffi«*^::^ 

^J'Zzmclt. 7K¥^Si^^5^'J7;VX-r-y^3 2^*^ 

*d5J6. f->yypXF^±#^H±?>iSHi:*-='Tt/>fc„ 
[0 0 13] $fc, ffl:^]®WJP^Wr^tJ!*O^WF 

5y>?X^ (TFT) (i. 8 1f-y hif^gOif^. 2ffl 



(4) 

5 

^fttDffift© 1 / 3 %t5J6^ i: i/> ^ Pp3M.^5:^)^$.o /-Co 
[0 0 14]^.:-?, *5l0Bi. TFT-LCDtDV- 

mmU(Dm^'m'^-^^ ^ h^nm>^t^. t f t - l 

m-^n^T^-f^y'i^T.-fy^tX'mmr'tmm^ lo 
CO 0 1 6] sfc. :^mmi. m^T)-mmmKj& 

Co 0 1 7] 

^'x-f ^\cm.-^ tx, Mia^ 1 t mtm 2 a 

•So 

Co 0 1 8] If5)<«2{i. TF T-LCDOy-XF9 30 

-(/^m^^^\m^Ti-km.mmx^':>x. mcomm 

E^— oOxn-rVy^X-f-y^i;. tSlEra-x^' 

-^v^x-r-yg^^;^ tulH;i/-g^>'^x-r>y^fcg^^* 

{m^^mmm^'^-yyT t. ^m^xts^^^m^ 40 

coo 1 9] S|5l<S3fcta«^tiTV^?.J;-5{i:. ±3^© 
rtff^D-A^^fgfi. S/X-rA^D-y^}c»-i!i/^rtu 

SaiBS/XrA^'P >y ^tc«-i?i/^r)iii^lcMt2«S(©x- 

^ b i>"x ^ ^-r - •/;l/-r S d ii J; o r MIHx i>'^ 

Ff|fJilbi>"X^ V -y ^ 

ymm^m^^^xmim[.(r>T—^ ui^7.^timijL 
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CO 0 2 0] *|gBfl{CfIS«jfSD-A^^S|{Cfc'tt^ 
CO 0 2 1] W^{^> l|*«4iaB«5nTV^^j;^ 

h9^^5^"X^©^ti^n© F WyfcSM^n^^ 1 A 

-SFW^t, ^*-r^7i'-F/^y^ h^>'v'~X^? 
>'$/'X^O^n^n(:DV'-XRt>*MtH7^'- F/^y ^' F 

•7yv'x^cDv-xtg^ig$n^ii2^i:. ^mt^n. 

Co 0 2 2] fe^i/^ti. ifsRJSSlclHK^nrt.^?) cfc^ 

mmt. mmmf^snmh^yi^x^t. mmmm 
spmh'^yi^T.^t. tusa^iNiUF^y 
^/"x^a^(Dy'- F^^LT^ 1 awffi^^^t. Whs 

H 2 N F ^ >' i>"X ^ ii^- ® 'Jr- F L rig 2 

ffi^s^t. tuia^ I my 9 y j^x^r^mib® 2 

F9y>>'x^(D }^u^y^immm^^<^^-XMc 

mm-iti. scmms Nmh^yi^7.^(D^~ himtm 

la^i PSF^y^x^ji^oy-F^/rLTfijiani 

Mcmm^n. mum2?mv'yyV7.^it^(DV~ 
F^/rLTMta^ 2aMff^Stt. F 1^4 y\m 
Bmm^<Dm^xtimmm-^ mum 3 p s f 9 
yp7.^(DV-Y\mm%Mm^<Dmtsmt. f wy 
atufaA^iHigsoiiraA^i^fc^n^n^^^ti. tuta 
Hijis^s pfflF^yy'x^(Dy-x{i*n€'tiBuia 
Br«^2gfcg^^* nrt/^s <fc 3 fc«^-r « ct-^x^ 

-So 

Co 0 2 3] feSi/Hi. «5R«6{ciE««nTv^^J;d 

cDF^yi>~X^il. 7'i'-F^^-y ^ F^yS^'X^i:. 
6^D. MiailicfficDF^yv'X^ti^oy-F^/l-L 

xmwL(Dmmmz<D-'D^in^'ns:i'f. wsaii^iB© 
F9y^^x^© F wytiMiam^iii^®^ 1 xiimc 

mm-s n. mmy -< - F/^y ^ f ^ y y'x^©^- f \t 

ffl© F5>'$^°X^?iDy-Xiituta7i'- F/^y F^y 

y'x © y-x i: t SM* nro ^ <fc 9 tc«-r s ii i: 

Co 0 2 4] fe^l^f*. W5l?a7fCfa«^nTV>SJ;^ 

ic. MiartffS/^-y7rii. lEAMcfc'V^r^iS"* 
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[0 0 2 5] ifsRJSSa. TFT-LCD(7)B*7W 
%|Kij-r^ T F T - L C DcOV-XF^-f/^-efeoT, 

*«i^T35:5 T F T- L C DCDV-X Fv-r/^^Uffi-r 

So 

[0 0 2 6] it*«9faB«^nTv^SJ;^{c, ±3® 

[0 0 2 7] fibril Oa. T F T-LCD^Dy-XF 
r-y^i:. r5^^;VHi^#^©«fC<^i«tr«y FtcS-^i^ 20 
%BS^-r S XT -y ^i:. MI2r i^"^;Hi«fI^®1i^® 

^-Mm^ct\z^-ox. ^2gp^>ft^©a*«i±ii^ 

^■r^TF T-LCD®y-XF9-^'/^©^fra7•:^P^ 
[0 0 2 8] *Wi:cj;n{f> f^ifSffj^fflv^^c 

j;oT. t^*©D-A^MItJ±t!etT. ¥^©m®D 30 

^' y -y ^ ^ tri^ff S D - A mm^miS.t^ c t 

[0 0 2 9] 

[^B^OUfficOJ^lB] TFT-LCD©y-XF-5'l'/'i 
CD3XF}*. ±tC, D-A»?Pi^«DmilD-AaW{C 

#-:)fcrr]— rV V^'X^ >y ^^OSit^Ecffi^f^o d 

ofcto. D-A^^ii^2S-eiiii-r§iit5i:J;o. (» 
^a^n^boo. Px^^^'j7y^Bl§ci:;^)^-e^§o 40 

[OO3O]06}i:D - A^^O-^J^^^S^-To 

[0 0 3 1 ] H6{c^R-rj;^t. CCiD-A^^#l(i. 
■r3-f'^'>'i^X'i'>y^5 1 r3-rV>'^''X-f'-y 

^5 1 icmmstixi^^Bij^^'vyr szt. mti^^y 

7r 5 SfcS^SflTi/^Sfi^fa (L S B) 5Zt.^ 

[003 2] mat. mts^^-y 7753 

[0 0 3 3] 07 t^-r-fc^fc. ttl;^jA>y7r 5 3t±. 50 
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M^m^5 mi h^:^i>'x^Mi mz h^y 

Z^Ts-^iMZt. |g3 F9>'i^X^M3i:> l|l«M^5 

[0 0 3 4] ^1 h9>'i>'X^?MUi> ^©y-F^^ 
LXs TP-rV yyx^ -y^5 l*^&tii^3«ffi^S 
it. FWy{*m?^lllSS5 4^DA»^:^ V-Xf^Hl 

mMM5 sic^n^nmm-^nx^^^. 

[0 0 3 5] 112 F^y>>'X^M2C0y-Faa^fiaSS 
5 4<DmmyiXfm3 F^yS^X^M3CDFWMC. 
F W 5 4 (DA:'j^}c. V-Xti^ 1 «^ 

[0 0 3 6] Ig3 FvyJ^X^MSti, ^^Dy-F^/^ 

LT. €#S5 2*^e>ttl^«E*Sit. FWyafiK 

ins 6 {c*n€"n^i^5nrt/^§o 
[0 0 3 7] meK^i^fcD- AmmmK^^'Xii. r 

3— rVy^X-f-y^S Hi, ff^H (L S B) 5 2« 

m^^^yyr 5 3(Dmtim\c&f:^mmmm:&tbx 

7*3— rV>'i'"X-^'>y^5 1 rttDSWW 
[0 0 3 8]tSoT. 12 8*®»-*li (RV2, RV 

4, •■■) ^mom< ctti'^xt. ctiici^^xm^n 

tcHmt. (LSB) 5 2^ifYLX. to:'3/^y7 

So 

[0 0 3 9] bf)>Lrsff^. C(DmmiCirA<Dii^iS:m 

[0 0 4 0] $-f. imm (LSB) 5 zo:)nwmift 

'tTtD D - A ^MItc:feV>Tv >y ^-r^ C i: Hither) 
ttltr^^fffl^Jfi^ (output-to-output deviation):?)^^ 

t<ft^o ilPAr> TFT-LCDcDJSffliClSt/^T. fl 

(LSB) 5 zic^-oxmm-sn^n&mii. ^'y 
[0 0 4 1] c<Drci6. imm (lsb) s z(Dm^m 

X>Y'y^^tiWi2>S^^fe^o BM. ^^W. (LSB) 
5 2©«^X^-y^©11*t«*iS^t-<:i:lc*0, 

[0 0 4 2]StC. 2*cD{i#ll (LS B) 5 2i:^n 
fcff o rcMMy^^ -y ^^>'^y 7 r tifaSfcK^t 2. c: fc 
<t 0, aWcO^^^ 6 1 6 4 *JcM'>^« c 
§o L;^^L^*^P.. c:cD<J;^^«l3)ctD-A^^g§£DB 
Utt (Linearity) Ic^^tTAt&KS^g:^^^ i: t 

[0 0 4 3] mmiDcticm^x. ^mMii^(D-mm 

[0 0 4 4] m8\cmti:^\c. ^HfflJ^Hlc^^F^Jf 
^D-AM^mts noes 4- lr3— ri-y^^'X^ 
>y^8 K 8 2^;. 6 4 - 1 r3— rV V^X-f -y ^8 

K 8 ZlcmM.-$n^Z-Z)V-^yy7.'<yi^8 3 



(6) 



[0 0 4 5] 6 4- l-rn— fVy^X-r-y^S K 8 
2i,tMlCfS:-:>r^^^o 6 4 - 1 t3— fV y^'X-f 7g=- 
8 1 {± 6 4 *cDa«*^Lr A±fM^ (R V 4 . R V 
8, • •, RV252, RV25 6) ^^It, SWJIV 
E^^fefiScLTl^So -75-, 6 4-lT3-rV>^'7«i' 
-y^B 2(i6 4*®M*^*^tTA:/3ft^ (RV 1, 
R V 5, R V 2 4 9. R V 2 5 3) *^tt. »^P« 10 

fil (RV 2. RV 6. RV250. RV254) t 
(RV3, RV7, ••\ RV251, RV2 5 5)^I^ 

[0 0 4 6] 2-2;l/-f-y^'X'l'-yf-8 3{i. >r^^^ 

f6 4- 1 xa— y^^x-r^y^^-s u 8 2©^:a"{c: 
^fiSc tfc*-¥«EII V 1 , V 2 0^7?*§t3-S i: t> 
[0 0 4 7] 2-2;l/-^y^X^>y^8 3a. rS^^ 20 

r. -ooa^iiffiv 1 ' RtfV2' ^ii/s-rso 2- 

2;l/-f->'i^X-i'-y9^8 3*^6 4-1 rn-rVyi^X 
-r>y^8K 8 2*^6^tt^»Sp«EJiV 1 , V2iDz: 

•o-^-fe^fca6, ii-o(r)mmmj± (V I' . V 2' ) irA 

ID 4 -OOffl^-^® — 3 t^^^o 
[004 8] (V 1, V 1) . (V 1, V2) . (V 

2, V 1) s (V 2, V 2) 

F*3^fi>:/^y77 8 4(i. 2- 2;l/-9^y^X^>y9^8 3 
taMSnTi/^§fc46. Z-2Jl'-f-y^7.-f"Ji^8 3 30 

*^5»*P«ffivi' . V2' mmri-ti^m^ 

V0UT«:4fig-r^o * 

2 . o Tz2 
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= [0 0 4 9] l^lfS^^-y77 8 4ti. noCDA^'j h '^V 
TA I Lt. ftM!llSS8 5i:> ^WfSo 

[0 0 5 0] h^ys^'x^MUi. *<oy-h^/rL 

»P«£EV1' ;&^tt«o hvy>>"X^JM2{i. * 
/^y ^ h^yi>'X^?MFfiD'y-h(*M#lHlgS8 SCDtt!;'! 

mcmM-^nri^'^o m@^8 5it2'^(DXi3i^^^ 

bT*3D. ^-n^'nh9>'v'X^M 1 ^M2il©tt#F 

icmUStl. ftlfllims 5£Dffltf^a7^-F/^y^h 

[00 5 1] ft#|iIliS8 5 -BM/mffi^^SLrfMUl 
/^(dlfferential/slngle-end)^i^<^rocDatl^ 

[0 0 5 2] mm.u I T A I L©^ 1 mii-^ommc 

mm^tl. ^2^5b^h9>^S^X^MK M2&t>*7i'- 
FV^y ^FvV'v^'X^MFOV-XfcgMStlTi/^^o 
[0 0 5 3] *IISim^tC:6ltSF»?ff S^^y 7 7 8 4 © 
^Sa^ffi^a, 7^-FV^y^F•7yi^X^^MF^: F^ 

yi^x^M 1 , M 2 ttf^nrfo^mm^ms^T^jSLr-^ 

[0 0 5 4] £f\ S=W/L (L : F^>'>'X^©^ 
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